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m®(D£ffi] yt^mftmm. z&mm-xm. 

m&m i ] mi <7>#*M$:^-r-g> s i cmmt. 
ffimmm.tizx.mt* >y vjuzM&ztit^ Miami 

A 1 x G a j_ x Nti$tl,5Al G a N £ »; A v 7 T M fc, 

BufHS i C3£«±JC, m2©affi©»2©dp^U TSraA-rS^^lC^Sn 
ISfffi^y 7 7»Wu ifrlBlgl 3X1 0 18 ~1 x l O 20 

(o<x<o. 4) z.h zm&t-t&yt^M&mw:. 

m#m2i msmmt. tRmmiG>mnm<D**vT&. ixio 18 ~ 

*Ti§ (x<0. 09) *fctt2ffi*©3ft4M»tf; 

[»#3g4] IffiB&Ktt. SiCO (0 0 0 1) si ®&^L, mWLA v ~7 
TMltffim (0 0 0 1) si ®{C£^T> MIBS^tC^ LTMf&ZftZ Zl £ 

Ga H N (0<x<0. 4) T?^c5 tl£> A 1 G a J**£E* 9 0 T o r 
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f&IBS i Cmffi.±lZ3Lhf#3ci/VfriZ]&f&-£tlf=.m 1 ©fii!©A IGaNi 
t&ffi/ty 7rSJtKlXlf**5/*/I/K^J«3*lfcJg 1 ®^SOA lGaNi 

f«ffB^^M-hlCa:tf^^r^^;i/{C0^$tlfc, I I iRjcjlfcbTGatl 

§fflS^'f4JS-tC^tf^^i/-v;i/lC^$tlfc^2©, i^iilOA 1 G a N <fc 
»J«!6$2(!!)if7*;KSfc, 

tlfcfg 2 (DM 

iufBS i CSSfct9fB?Stt®fc©ra©rara«:*&l. e/tm^ltril^ 

itrfEffll (Dt^y FJfliA l y Ga H NT*$ JiSiffimS:^ U f&aBfg2c7)? 
7>y.FIttAl z Ga i- Z NT?*atiSje«S:^U, f&SEAy 7 

^-^x«0. 0 8J£LfcO. 5^ (0. 08^x<0. 5) h£*U ttf gSfg 1 
(DV^v FI0W7^ - # y ft* 0 . 05 JW±T?|rfSBM^A 0 ^ ^ - # x JSAT ( 
0. 0 5^y^x) mWmzW^v KJiC7>jfS/£A^ * - # z teiaiBISfi 

(z<y) ££;ftfc3££#3££i-3if:£3|6aB«©ft 
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t&iaH2(Z)^^^ KMJtlc:nif**^;bK:fl&jS3*ifc, i2©ilim 
3l&3cz>*^y KM£. 

$ JCS&SB& 2 <z>* 9 y KM fc» 3 ^ y KM ©RICH:, gfffH U y ^lc*f 

[»sft^9] mM^yZV bMl*. mmm3<D? *5v KMC J: yjgjfcSti 

[IM10] SiFfBflS 1 ©««Wu BffSS3>^^ KM©M<WM®fe«fctJ f lS 
ilOTbtl^ii: tts SN^ 9 3B«©ft¥#fl#S«» 

j^an-casy, ffrSB»i©««wu stria y-fe^isjssraiftsiii&wfiifc-rsaf 

13] mi ©^«§?£^«5*K^ 

y Fit, 

firS3!f£i (DP^y KMJbJcxtr^^rS/-v^/tcj^j«s*ifc?gttMi:, 
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mmmsov^v kjs©t§bic&, ffiflisis#*e>y y^wiicw^t^j 
& tf-^oi^ra^^ £ nx ^ & r i: n -r & ^^#^fi 0 
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fc^-T* I I I^jc^^^fb^J: *J &S£I2<Z>#MJ*£> 
ffr8B£2©*9y FJiiilcxif *3f*/-v/i/tc7gj£3;ftfc, p fc^f 

iffSBx 1/ ? h n > ^ n y ? Jg £; fafEffl 2 <Z)#&Ji £ taSS^I 2©^5>y Fliif 

glSJt 4X1 0 19 cm"^Tt*$.5Ii:S:Mi:t5i^l 8ffi«<B3fc¥ 
fCfeWSMg»ftli, 4X1 0 19 cm" 3 m5ril$:Mtt5TOl 9 IB 

5niA 1 G a Nfiiiyfty, 
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fftfEA 1 GaNitt, 3X1 0 18 ~ 1 X 1 0 20 cm" 3 ffliH©^t'J7^I& 
JUL* t&8BfflJ*^*-^#0 *y*T?0. 4 <fc U/JnT*&£ (0<x<0. 4 

[§M2 2] iulE^tt, lX10 18 ~lXl 0 20 cm" 3 (Dil©^t 

u ytts&«: wt-s z. t ^mmtt^m^m 2 1 umo^mftv ^/v 

[lt^23] fuM^A^^-3f x«, 0. 0 9*i(x<0. 09) 

[i*S2 4] IfffiBiSStt, SiCffl (0001) si ®£^U fuffiA-/ 
^rJSteiuSB (0 0 0 1) sjffilcfevxT, taiES^lc^LT^^tiSr 

&nt.'t&m&i%2 1-2 3©e>t., v^-rti^-^ta^^^^^ni/N,, 

[0 0 0 1 ] 

I/— if 94*- KtfKjfcStiTV^S. *^SJSiftSlC3ttK:flilS'rS7* h 

94*- K#*£S*iTV^<5. 
[0 0 0 2] 

lt*T~lzmmitZtlT^2>o *fc I nGaN^lr^ttii: UgofcGaN/ 
InGa N/G a N 9-fA/^T- n*tsfi©*6 l^-if K#4*»n*&«. # 

G a N 5:f o fct^)fc^ISttt, G a NJgfiJC J: y A> K3f*y:7<D 
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[0 0 0 3] 

r>rr (ai 2 o 3 ) #|gaii«(Z)ciB±jcxt;4f^r*/-Y i n/j«ss-&*ii:K:J: 

[0 0 0 4] 

Hit WGaN/I nGaN/GaNOMQWil^mtfiU-f 

*U f&3B3S«l l±i:M$tlfcGaN;t>y77ll 2 £u ItrfB GaN/t*;77 
M 1 2±{C^$tlfen§?G aNlil 13t, ftfiaMS 1 3 _fclCJgJ«S tlfc 
, WAl 0 09 Ga Oigi N^t5 nlA 1 G a N <fc »J ^STif KJS 1 
4fc, mmV^V Kfl 4 JtlC^jSSftfcnMG aN^iill 5 tulHnM 
ft^MJil 5±tC^3tlfc. #K-^GaN/I nGaN/GaN0«ItI 
^ItSMQWMl 6il. ffffHMQW?SffiJi 1 6 JilC^$ tlfe P SG a N 
*i»ffl7t, frffB P MMMM 1 7±{CMStltffi^Al 0i0g Ga 0>gi 
N §:ff5pSA 1 G aNiU^Sili'yy KM 1 8 t ftriB-tW?^ 

>y Kii 8{cttt&sa?S'ffi«i 6Si^©±T©^in 5, i imzm®& 

^mfoSr Z>mWLV V VI 8 A#7^£*l£ 0 ££>{C, iaSB^V 8 A©]! 

g|S{Cttp§?G aNJ:tJ^3>^ hjf 1 9#Jg/*3*U ffrgB-tfll * 9 y KS 1 
8la^n : t<D±(DG aNzr>## Ml 8 tu fB#M U 8 A©<R!f^ffi 

4j-£*bTS i 0 2 ^©^1^2 OfC<fc »J^b*U £ £ (CiulBiMUgl 2 0_tK:fcfcM 

1 8 At 3>^ ^ K^Sii^C, pSti2 1 j^^Stl*. 
[0 0 0 5] 

ttrflB^Mi 4~i 8 j:y<fc*«»*3gtt, Miass 1 1 icmnmz 
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fe^tJ^cD.iKD'e^Ji 1 3 J£«rSBffi£MW2 £jg;*_T®#U M^mMM 1 3© 
@#3P±tCn§S[«*i2 2#7£j&£*i£ 0 
[0 0 0 6] 

2>^&Wfel'--b i **>f:tf-- R±, 3 9 0 — 4 2 0 n m©|gHiC5§ig^S:^' L 
[0 0 0 7] 

IC^fLT 1 3 %J^_h<5D^ir-^-^$:^bTVVS^, ffSMQWH 6 £-^tm 

@w:i$H#j&^y, *£^jfc3:txs$9-is<D¥«ttfcSiirtS%, ^sestet y 

^ $ 4x & ® © ¥ iS 14 fC & it V \ „ 
[0 0 0 8] 

«7Ltf, 4#H§¥1 0 - 1 3 5 5 7 6#2;?gJC&, 6 H-S i C3M££££ 
«tf> (0 0 0 1) S ift±K.G & nm&m*^V9*i/ J *n'fgL&Z'&&&ffiifim 
ISStlTV^S. S i C«««GaNlC^frs*&^^7bM%^T^/hS<. £ 
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[0 0 0 9] 

«)lCli, gfffHS i Cif±{:G aNA-y 7?I$:MtS^II^5A\ GaN 
G aN^ttM^lCtt^^^^cPfSA^A^n, ?SftJff tp IZ&VZ G a N £ 7 it h> 
[0 0 10] 

ZKZJcfc^J&G aNlfflWfiOrait S i CS^JllCA 1 N&£W£A 1 

— AlGaNlffli^ A lMf&tfA 0 %J^Ttf>®B&C^Tki:nMtf>^ 
A 1 GaN;1y77l^lTGaNStItS i Cilil Sr«^,fftJCg^t- £ 
[0011] 

L^L&#e>, AlGaNyt>y7 7l&t9i^ GaNiStlOTi^lT 
[0 0 12] 

*»W©«fc»;^«r«s5liatt. S i CS^JtlCGafc^fr I I I^763R©Sfb 
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[0 0 13] 

hn>yD*^«©K-^^D77>f^S, 9 <5v 9 L#*> 
[0 0 14] 

IicDfiM^tssiCiti:, 

Al x Ga^ N-eS3ft6AlGaNJ:y)!feS;^7rI^ 

iff SB a v y ?i _htc x if * s/ -v & izmm z ml tafa^s 1 ^^-r s & 

ftrSBfl2 ^ y KM(C® 1 ©S&tf)^ 1©^'J7 &ffiAtS<fe "5 Kl^fiRS 

»K;t*; yyMfcfc, Mmf& l <D#*M©dp^ y y & % 3xio 18 ~ixio 20 
c m" 3 <Z)«gHcO^T*^*. ItrfBM^/^ ^ - * x # 0 J: y *T* 0 . 4 «fc y /hT* 
(0<x<0. 4) 3h$:#^[hi-S^^^«fCJ:y, 
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wmmmz. mm&i<z>m>mm<D*vvT*. 1 x 1 o 18 ~i x 1 o 20 cm~ 3 

ItfSHA^ -7rm\z. fcv^. mrfaM^A^^-^ xteO. 09*i(x<0. 0 
9) 1 *fctt2iB«©^##$liBJCJ: y, Sifc 

ft 4 iCfB* b fc J: e> 

t&gaa&Ktt, SiCCD (0001) si ffi&^U ffrffi/t y 1 yJgtaifffB (0 0 

~ 3 vx-rti^-«sa*©^s^Sicj:y, 
it 5 icsa* L/ fe j: e> ic, 

S i C*«_tlC, ^tt&M$tfBJ&&&lC J: y jffilfctf A 1 x G a j_ x N ( 0 < 
x<0. 4) fg^tlSAlGaNJi^ ^E^j9 0 T o r r^TtXlf^^ 

Il©#iMI:ftSSiC«fi:, 

gulBS i C^JttC^lf #^5>-v;WC^£*l£|fll <Dm^M<DA 1 G a N «fc 
iufB/W 7T«_tlCo:t: 0 ^^r^-v;i/fC^$tlfemi ®^«M<Z)A 1 G a N <fc 

y&£ft#$US£, 

itrffi?gffi«J:icxtr ^^s>-v;i/ic^$tifeii2cD. mmmm&A 1 g a n £ 
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iaSBfi 2<d^^v kmk:^ i <dwsl<d& i ©^p-v u r &aA-r s <t e> ic^$ 

tlfe^ 1 C0«@il, 
*l£ff!2C7>«*§£:£flii*_, 

t&ssA^^.rMttA i x g &1 _ x Ntasns«j«S3iu imbsb i a> * 9 y 

KJBttAl G ai _ y Nti$tl6W&tU MM%i2<D?^v KtfttA l z 
G ai _ 2 NT~^i;*;ft£3fiJ&£*U i-flBrW 7 TjfOiUffc^ :* - * x 0 . 0 
8J£*_L0. 5*^(0. 0 8^x<0. 5) frffBfH 1 <D9^V FM<DM 

f&rf^*-* ylZO. 0 S&>±T*mmMms*^*-* xJ^T (O. 05gy^x 
) £3*u «uSBIl2<Z)^^^ KM^M^A^^-^ z liBfffHffi^A^^-^ y <fc 

(z< y ) £znfrz£zm®L£?zm#&6mM(Dyh¥mibmmz&v 

8 JCfB* L £ J: 5 JC, 
(O^^v Kit, 

iffiam 3 © * ^ ^ K®_tK:jgjfc;s;txfc. H2(D^«M$:^-r-6i3>^^ hit 
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t&fBSg 3 <D V =y v FJg \% U v VWfk^fc U 

$ h izmmm 2 <r> 1 ^ ? fm t m 3 <d v ^ v fjs t omiz \* % mm u y vizm 

8fc*53fe¥2*#8S«tc«fcy, 

fjf 1 0 lcfH« b £ i: o tc, 

mmm i 2 icga* b i e> 

^1 Offi«©3fe4M!*flMEttfc:«fcy, 

1 3 lcgB« U <fc e> IC, 

mmm&m±iz3L¥$*ri/vMzi&j&2frf=.^ ^2®, mmmMzm-tzmz 

Wyy FM£, 

£Sg3 ©*^>y FJf£l> 
B&fBf§3<Z)*^y FJf-tlC7B?/&£4lfc. f§2tf>#«§?£*-t&=i:y#? hjf£ 
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mmm 3 <d v 9 y km © tsp ic Miii^ <b y v ic m & o r «j y 
st#«i 4tcia«Lfej;e)tc, 

f&S3te*K^*->-ttc. AUII Ii£^jR<Z>gft&&^«^JBac*BJfcRSs 
fcJ:y*iStU t&gBBlPaiSK:*fJSL/Tt&ffiT«l¥**JiJbK:, MfB^Paistc^ 

«fcy. 

If 1 5 (CSBJB 1/ fe <fc e> tc, 

tlfM«^«iEC*BiSK:«fc«Sffc4*©*ittXStt, f&gHA 1 H I I lS67G3R©g 

ft«sr^t-*s»^^n^>^*s:a5#'rsxe&#tfii:S:4#«^ , r*ai# 

g£$£ l 6 lcfH« L <k e» ic, 

<t y, 

gt$£ 1 8 izmm l t=. <k e> jc 

J: 'J 4 S 1 1 © ^ 7 <y FI t , 

m-rz iii Mftm<Dmfcm£ y 1 ©#^jg^. 
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7ci©iftt i *J & 6 1 1/ ^ h n ^ ^ I i: , 

i m^mcDmitm & y & & n 2 © * ^ <y km £ , 
-511 lm^mo^mtm^ y&£3>#? hmz.. 

tifSBxi/* hn>^n^^«i:BuSH^2©^Mi:Btffail2©^^-/ Fiiita 

1 9 izmm l <fc e> jc, 

[0015] 

ft#^ 2 o tcsB« b £ j: e> 

.4X1 0 19 cm" 3 ^SZli:?:Mat5»Ml 9 gB*©3fe3M!M*iS«K: 

<fcy, sfefctt: 

2 i izmm. l t=. & ? 

nMSiCiii:, 
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SngA 1 GaNlfci'JfeiJ, 

IfrfHA 1 G a NJftt, 3X10 18 ~ 1 X 1 0 20 c m~ 3 <Dmm<D* «v V y8?^£ 
M L> faMfifcA^-* x#0 J: y^^O. 4 e fcy/hT*&£ (0<x<0. 4 

m#TM2 2lcSB«b£J:e>lC, 

laSB«^«, 1X1 0 18 ~1 x 1 O 20 cm" 3 ©|SH©^^'J7^I$:tt5i 
fj|^2 3 ICfB^L 

MfHM^^^-^ xtt, o. 097Mi§(x<o. 0 9) t^Siii&Mi: 

2 4 icgaiR b «fc e> tc 

tafB^tt, SiCffl (0 0 0 1) si B£^U t&IBAy 7 T Mlitafa (0 0 

i ~2 3 0>e>*K v^-rti^-^ia«©¥*ff^aiAtcj:y, 8?&-t£ 0 

[0 0 16] 

cm i Hffift] 

J£*T> Al x Ga H N (O<x<0.4 ) 5:AlGaNhlBt. rCD*&j£<5H 
# n m K - tf > >f tfi «T|g T% ^ox^^3pi/ir ;Hi® &¥*tc T? £ -5 41 it'fe 
£ 0 AlGaNUt S i CSSJiJC^ma^&ffiJEfcKiS (MOVPE) {C<fcy 
x^^^ri/^;WC^t§3i:^tt5 0 «*BE*^ 1 0 0 t o r r £L£I§£- 
, AlGaN0AlM&9%£t±i:tfc^ ¥ffi&^iffi£#<5 - ttfT'g 
[0 0 17] 

nlSiCSSHC, nlAl x Ga^ N^«y77j|^fib, t<D±.\zm 
IOG a N^fgSMSrltML/TG a N^fc U-if Sr^fiR-T £ 3 3© J; 

V^-fg«^ii5 0 0 mA, L£V*fttftEtt2 2 Vt'Sof:. 
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[0 0 18] 

L^VAffi«JBE^VNigH$:^^L, S iCififcAlGaN;t*; 

SiCilAlGaN©A>FiI®#I{t 3K«* ^Wflft^tt* ^= S&JC, 
S i CtA 1 GaN<Z)#^C&#<<Z)MII^##£-t£ 0 t£oT, SiC-A 
1 G a N #jt® ©#ffiS$l & T S £ Sf&tfJ JCSfclB £ 3 £ fflSt -V $> 

So 

[0019] 

IlUllcm 2 t'fe'J, 6H--?;i/^if)|(D (0 0 0 1) Si®?:ttS 0 n 
SAlGaNl2H nf^i^li: LT S i S i ClIliCMO V P E 

hlgjftS: {£M nMAl GaNl2©±(C, $P»{CnSGaNl 
3 ZmZffi0.2 MO V P EX^SlCi »j X tf # ^ */ ^ ;WC/&« L/ 
[0 0 2 0] 

MOVPEXgtt, V-X^illTMitfh^fM^A (TMG) , 
fyxfM'J-JA (TEG) , h'J^fW^-^A (TMA) , h'J^f 
(TMI) , T^^E-T (NHg ) fcffiW ^M^illT^; 
(SiH 4 ) i:^i/^n^>^^x-;i/y^>>^A (Gp 2 Mg) £ 
iV\ ^SMl 0 9 0TCTl?ofc 0 
[0 0 2 1] 

S i CS^<D*®:£®ICN i £>m*S 5 £7£f£U n^G a Nf 3 CD^UffJitCR 
IbfeilSit'feS, R^**©*^^ tt^fc 3 0 /tin —9 0 fim GDfgffl 



1 7 



ffi$E#¥ 1 1-3024925 



10 — 353241 

-eM^Lfc. 7.h^4 7tfcmm<DW}&. *S&2~ 1 5 ftm , fi^(i3 0 0~9 0 
0 fim <DmmT*miRLti B n^[A 1 G a NI2 ^itfnSS i Ctt^tf) n^^r ^ 
U7IS, nlAlGaN§20Alffi^ MOVPE0Mi35:Ift3tt 

[0 0 2 2] 

02 (B) it, nMAl G a Nf 2 ffl^f <J TgHrlfbStfc^CD, SiC 
/A 1 G aN#®(Z>|^M*g^<DM:£^i-^:7T?&£ 0 =§tilU&n§?A 1 G a 

^$:*filt^^r-;i/, cm 2 T'^i-o nSS i CiilfflnI^'J7iI 

(ilXl 0 17 cm" 3 i:U nSA l x G a j_ x N Ji© A 1 MM x = 0.09£ L £ 

o 

[0 0 2 3] 

^^7iClin§?A 1 G a Nltfiffl^t U TlH 1X1 0 17 cm^P> 1 
x 1 O 20 cm" 3 ^T^'ft$-&fe^©#ffi^*n:^cZ)yn^ h$r^-r o 01 (A) lc 
m^-mj&v>Wi£r. MM. S i Cii, AiGaNl, G a Nlf 

Z>i&tft&. i C/A 1 G a N(£>!?.®igjfi<Z)^T&S 0 

[0 0 2 4] 

02 (B) ^^^e>75)^«fce> JC, |MBSSm*©:7n<y Mi, 2o«rl, 
r2±t:iot^l.. f&fc^, t 711*^ 5 X 1 0 18 c m" 3 ^±©i^ 

$J 5 X 1 0 19 c m" 3 ^T®i^#ISi$©^n y h l*4n£<Z>ft&lgD|g r 1 _tlC 

[0 0 2 5] 
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nSA 1 G a NM 2 ©3f-Y U 7*§S&*t5 X 1 0 18 c nT 3 J^±&C-r*U£. A 1 
GaN/S i C#®<?)#®^m^li^IIBOV^-2>^^^a:^r 2±fC&*J. <£V^ 

[0 0 2 6] 

S/ ^ ©igmM £ »; % <£ < -T £ r n tfM * *i £ . 

#3x1 o 18 cm" 3 ilt'$)ott.#Igfiii0f(ixif^^>>t;i/I(5±MJ; 

Vrmmt-VTIZ. |«l3xl0 18 cm" 3 g±mK, i5Xl0 18 cm" 3 « 
[0 0 2 7] 

nSA 1 G a Nl©^rt U 7$1^£ 1 X 1 0 20 cm" 3 &lx5iiai 
■^i:L/fc»^ A 1 GaN«^®lC#fl&lC#<©|££X«##£U lUfc&ffS 
ifc3^fflj|"e»ofe. t£oT. nSAlGaNl2ffl^P^yriI^lXlO 

±IH©^lCfeVATtt. niSi C^JilC^fS nSA 1 G a Nf2©^ 
t'JTil&Ift^tfc. #CfC, niSiCiSl©^rt>;7HM$f, 
#IMf©fj[:5:I^bfc„ n!Al x G ai _ x Nf 2 © A 1 fflftt* x =0.09 
, ^ J ?'JT1I»5X1 0 18 cm" 3 i:lt o 
[0 0 2 8] 

gty7 7T'*5 0 B3 ^iiSnSS iClIl^^jrHIWcm 
^ 3 T**fiS[X>r-;i/T*^U, MEttfttS i C/A 1 G a NIStffi©#iB«St*S:#fiQ 
cm 2 T**f$fc*^-;i/T^-r o ^9:7JCtt, nSSiClf©^t'J7i^:l 
x 1 0 17 cm~ 3 fr£>3 X 1 0 19 cm" 3 ^7?^'fb$ii:fe^©yn>y h Sr^fc 
[0 0 2 9] 
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t»*>> nSS i CSSKD^r^'JTiS^l X 1 0 18 cm" 3 KT©|^ #® 
«ffi*tti£»r 3_fcKl*>»K ^^UT^iS^l X 1 0 18 cm" 3 J£il_h©^, # 
r 4©_tlC&£ 0 HC»r4tt, r 3 J: y %4gBJ« ? »J>* ^fr"? 

& y , * * y 7»« & 3tft s ire fc#MBl£ift*5©atf t $ v > c 

[0 0 3 0] 

S iCi«l©*^>JTtHSl X 1 O 20 cm" 3 j: y %jfif< L <fc 5 

t£oT. niSiClSlli »lXlO 18 cm" 3 ~lXlO 2O cm" 3 0li 

<D*vVTmmzm-t2>ziitmi£v^ 0 ^^vrmm-^i x 1 o 18 cm _3 j:y 

[0 0 3 1] 

*jc, niA i x c ai _ x NM2(DAim&x*mt2 j &frm&&mm.ffim-tf 

JfOJ^JCSEflS-r&fr&SI^fc. n§»S i Cltl <03p* U7Mi± 1 X 1 0 18 
cm -3 , nSA 1 GaN!2(Z)^ J 5'U7lIli5X 1 0 18 cm" 3 i:bf: o 
f84tt, niAlGaN!20Al mtiL&&itZ^rc:ft<D9mi&1?im<D&{t<D 

[0 0 3 2] 

K4 2>MJ>EEe>frfcJ:e>tc. #e>*ife#®gJ)i;$0yn^Mi, lffj»r5, r6 
±IC&£„ A l$l^*^9%J^T©f!l|!c{Cfev%Ttt^iB(D^-5 J ^*^ii[^r 5_h 

y htt^ffficDi: yfett&nttfitr 6_ttc*y, a i mtiUDWM £&Kftmm.ifi 

mitMm.izmm-t^ 0 tot, niAlGaN;t«y77l2©AlMlt 9% 
[0 0 3 3] 

±^©^*tt, ltmovpe zm^rmtz.. L*>>L&#e>, 
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GaNM#M^MS$:MOVPE!CJ:ot!fe»i^ 1 
0 0 t o r r £LTV^«, b^U i&Sffi^S: lOOtorri: ¥1 
&^®<DXt^#^$/^;i/M£^££#>lCkj;, S i Cmfa±.KWMf&&'? Z> A 1 G 

1M0A 1 G a NIt%¥fi^li^MtSri:^t^Sz:i:$:i;v^tfc 

o 

[0 0 3 4] 

®5&£, MOVPE^:j;SAlGaNMI^;feV^T, f&-&B.Ji i:¥fi^iffi 

o 

A l,1fif£CDA 1 G a Nft, ^BE* fcTtf fcMO V P E X* tl&^-Mtem 
[0 0 3 5] 

Alfija^Q y MS, 1 %S^©MM5:-g-tf 0 ^5«JE*.l 0 0 t 
orr, 70torr, 50torr©^n-vMt SSfiHr 7±iCioTV^ 
^E^J2 0 t o r r<D-?Uv Z.(DW.Mr 7 e>^#lt*lT 

[0 0 3 6] 

*WiW*K:fev^Ttt, j««ffi*JcB53tL/feAljfi**x (%) ©ffifcfc, $j± 1 % 

.H5©*g*^e>, «I8%CDA1I^^U ¥S^B$:tt§A IGaNi 
&f&^££*MCte, /&RJEE;t;M:9 0 t o r rJWT^-T^ ' bV*fc*§fl& 
3*V&„ ££A lM^6%0>%g&^iffi£;£-r£A 1 GaNl^tSfc* 
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tCtt, 0 t o r r ^TttSit^ AlMI!l4%t? 

fi^ffiS:ft5Al G aNM&^-rSfetolCli. ^JBb^j«5 Otorrg 
TttSr LV*. IH^IC, A lM»2%TWj:i®l:tt5A 1 G 

aNjffcf&JI-t&fc&tCta, f&gffi;d& 2 0 t o r r &>~F & LV^ 

o 

[0 0 3 7] 

&>±mmisfLnmi&MkZfflm?&zinz&y. nss i cit±i:nSA 1 g 

[0 0 3 8] 

H6 (a) , (b) ii, ±&<Dmm&^*mmLt=.GaN&¥mftis-- 9 1 0 

H6 (A) 5r#^-r^{C> nSSiClt3 1tt, 6 H-?;i/^i;Mii&tb 

. t&mmit (o o o i ) smT*$>z>o nisicit 3 ncaii^F-^ 

tlT^y, ni0iittS^f o nif^r^UrigJi, «ili8xi0 17 cm" 3 
[0 0 3 9] 

niS i C*«3 1 (E>^t®_ttC, nil^^ri/t;H3l3 0, ?SttJS4 0. 
pSxif ;i/*jg5 OtfflUffStlTV**. nM^tf^^r^^;i/«Jt3 Ott 
. T^?>nSAl 0<()g Ga 0>gi N(Z);ty77l3 2 > nlGaN0;t'y77S3 
3, niAl O9 Ga 0i91 N©^7>3/Ki3 4 > niGaN©«|3 5^ 
tf. 
[0 0 4 0] 

nSAl 0 09 Ga ol N;t7 7 7l3 2H «*.tfJS3»0.15*em , n§?^M 
ifeSiM8Xl0 18 cm" 3 $:ttS o nSGaN/t7 7 7l3 3lt Mitff 
3*&0.1 Atm , n^»Si^3Xl0 18 cm" 3 ^ft5„ nSA 1 o.09 G 
a 0.91 N(5i ' 5,),,N ' S34tt M*.tfff£$J0.5 Atm , nM*>S»S i*gS$J3 
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X10 18 cm" 3 ^|f§ o n§?GaN©3titl3 5H Mx.fc£J5 2^0.1 /im 
, nMllS iillil3 X 1 0 18 cm" 3 ^t§. 
[0 0 4 1 ] 

ISttl4 OKI n 015 Ga 0 85 N/I n 0.03 G a 0.97 NT '^ 3tl5; ^ K ~ 
:/#**^#F#tjgT'& *K 3|0I n 0il5 Ga 0>85 N#J3»i:4jg<Z>I n 0>03 
G a og7 NAU TMi:*^SlCiBg$tlfe^$:^i-So I n 0 . 15° a 0.85 N # 
F?Ji&> #9*.tfJSC3*lj4.0 nmt'$ij, In 0.03 Ga 0.97 N;t ' J7Stt ^ tf,? 

[0 0 4 2] 

pMxtf £/^;WIflt^5 0&, T^bpfA 1 Q lg G a Q 82 N©aily^ h 
n>^n«y?l5 1, P lGaN©MtS5 2, pSA 1 Q(JQ G a 0 . 91 N<Z>* 
77K15 3, pSGaN0n>^^hf54$:^tf o 

pSA l 0>18 g a 0 82 Nii/^ hn>^n«y^!5 l ttj^v-vA:/ F3r-v y zf^c 

ny#«51&. ix.TOi2 0nmt^fJ, P S^»MgiII$l5 X 1 0 
19 cm%t5. pSG aNM«I5 2 tt, fl^KJIS»0.1 pM^ 
«PglS»5X 1 O^cm^ltS. pSAl yg Ga 0i91 N^7y FJS 
5 3&, ffi[jUiJ?3*&0.5 pM#MgII|fl5Xl0 19 cm%t 
So p§?G a Nn># ? hjf 5 4 p§?m^lC*fi-^=3>^ ^ 
-fr£fc#>tf)JgT&*;, «iLtfjgCS0.2 /tm , pM*MgM5X 1 0 19 c 

[0 0 4 3] 

U^A (TMG) , hUxfM'J'JA (TEG) , h 'J^f ^r^^-^A ( 
TMA) , hU^^W^S^A (TM I ) , T>^-T (NHj ) £JgV^ h 

HJRtffc ITtt^; (SiH 4 ) £tf;*S/*n^>#^x-;i/vy 

(Cp 2 Mg) &fflV^3h#T£.5o niSi C»«l 1 tt, 
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[0 0 4 4] 

nIIij|3 0MfiH ^Ji^fifiSl 0 9 0lC, ^Sl2/tB/hr 
T«t5Ii:^t5o iSffiJIflKi4 0&. «Atfl«fifflS7 8 Or, 
^0.3 /tm/hrt^IfSrt^tS. pMlil5 01t 
SI 1301C, ^SSl /h rt'^nrt^T^S. 

nSA 1 0 .09 G a 0.91 NA%y " 7r ^ 3 2 n §^^ ,; 7iSi 8 X 1 0 18 c m 
" 3 $:^-r€)^«?)> 02 (B) ©^^^^e>^B*^<te>lCn§?S i C^K3 1 £ 
n§?Al 0 09 Ga 0 gi N/t«y7 7H 2 t(D#M(Z>#®^n;£{£<#iJx.<S> Z. £tf 

[0 0 4 5] 

3^i3, niSi C1S3 1 i: LTl±J*£ 2 0 0 yum ©»«£|g VnT-€-<£±IC:c 
tf*#S/*;i/jS*3:fTVv «fitS i CiSO«iiil:«f*b, ^^100/i 

fll^J 3 ~ 5 fi m , fct^.^3.5 A«n , ^£i®0.4 fim <D %^r^.^^t ^> a V =7 V 
[0 0 4 6] 

i 0 2 ^j£3ftfc«5»K6 1 &iE»U MMltn 
lGaNn>3!^hl5 4g®?:l{i}$t5. 1 ~4 yam 

-e©^, SiClf3 1Iffi±W:Nif, Til, Aul$:i^ill, n 
I«t6 3$:^t5„ ^if_h®{CNiM. Til, AuMZBJkmMV 

, ;^-n>^btnIii6 2$:MtS. 
[0 0 4 7] 

tf>#ftte [1-10 0] ^fRjT'feU, §§H§®& (1-100) ®T*&£„ 06 ( 
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tSrt^t'tfc |gm«^£LTA-;i/Xlt^£jgv^ UHz-lOkHzt 
Igt&L£„ L£vHB«ffi5 0 0mA, L£ V*«*JBE 1 5 V##*>*l£:o 
[0 0 4 8] 

i«tf>fc#>, ngA 1 0<09 G a o gi Nl3 2<D*V U7il&3 X 1 0 18 cm 
~ 3 £ bfel^^I/^ffr&bfe,, 3<Z)1?->:/;WC;f3V^k}:> 4 2 0 nmTf$8iB&f? 
^ii:^*^. V^^fiSm^l* 5 0 0 mA, L£ Vvf@«jE«:2 2 VT'&ofc 
o "T«it)t>, nSAl 0 0 gGa 0>91 NM3 2©^t';riI?:3XlO 18 cm" 3 
fr&8Xl 0 18 cm~ 3 lCifj&[l£i±£:Z:£iCj: L£VvfgSjE££2 2V*& 1 5 

v \zWP ^tSit^tfe. 

[0 0 4 9] 

S&JC, Si C3S«©«S€:8X 1 0 17 cm" 3 ^^4 X 1 0 18 c m~ 3 lC*i?fln3 

f&i5 0 0mA, L^ftSflEttl 2 VT*&ofc. SiCS«©nS^^'J7 
a^5:if^$i±fe^i:ic«fc y. L£v>H«BE#3 &ic 3 VteTLfc. 

0 2 (B) JC^4#ttA^tt, niAl 0<0 gGa 0 91 Nl3 2©^^'J7lI 

$l£*l£o 04 0#fi^b», nSAlGaN;^y77i©AlM5:0. 

09^ e» <fc y s 3&ffiic«^ s -&s r t tc <fc y , s-ftsit^s 

[0 0 5 0] 

EAS:«^StSIi:3ti«ff4 Lv^. n S A1 o.09 Ga 0.9l Nf3 
t» i ;t:nSAl 0 04 Ga 0>96 NA^7 7l5:^flE*4 0 t o r rT'WS. 

nMA 1 0 QA G a 0 96 N;^y77lfflnS^i|S iil^8x 1 0 18 cm 

OTLtJCTgjfc'TS nSAlGaN/t>y77l©Al &JC*4>3*;rWi. 
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*ftm<ottm&i*. ftizmw^t-me (a) , <b) ©*3g©w6i/— tf*^ 

i cm&3 l £?frf£Ji4 o i:©ISIK:^-r«K©-&fHRJ?S:^-r- 
[0 0 5 1] 

i&fc^u 4#ic|ffffi^tMKff^*& l . 6 /imK.m-t&tL-eitM.mzm'p'r&z.t. 

^©3iattw?>3^-eti«;v^^, g*3 i ii?sffii4 o fc©iajc^-rsxtr* 
4> -r s % © t se? $ ti & o 

[0 0 5 2] 

36*3 Ut{C^^$tlfex^4r^rS/-v^/Jg3 0, 4 0, 5 0 cfUC* ^ y * 

^-rv^rajs^us. zijui, fcf e>< s i cs«3 i fc*o±©Sft*itrj 
* -v jvm t (Dmommmmmmzm m-t s sr o sr y is*«««riax tr # # s/ -v ^ 

[0 0 5 3] 

rtUC^fU ^#g^(Z)|§^#«. Al x G ai _ x NT°mZfr2>MmAV7TM 
3 2'*© A UlflJEftx J:»J*u A 1 y G a 1-y NT?«3*lSfjf3BTflI* 9 <y KM 3 

4©a i« y £ICJ: »J, ^©ft^aiffiisn 
SZli:$:Mmb^o :£3i§i£<Z)2)§t8#li, tMBT{W*9<y K«3 4 tf»©A l 

Myiy*, Al z G ai _ z NT?*S*l«f&S3_fcflI*9y KM 3 4<Z>A ' 1 jfiiifc 



2 6 



ffiSE#¥ 1 1 -3 0 2 4 9 2 5 



#5p 10 — 353241 
. fffgE/ly 7713 2&SV>H:*9 3/ KM 3 4, 5 3 &-g"fcf X ^ # 3f ^ ^Jf* 
[0 0 5 4] 

@8H ##£9!<Z)f|l2||^MlcJ:£»&l/-1f #>f tf- K2 0 0©*j*3:aVr 

o 

B8 & JC, #V tf- K2 0 OT'ttG aNA*>y77M3 3 ##B& 

StlTfeU, t&SHA 1 G aN/Vy77l3 2tAlGaN^7>y KI34ilGa 
NMSI3 5©RJ¥#, ^tl^til. 0/im, 1. 5 a* mfc £ 0* 0 . ljimlC 
t!*j£3*is. ^tf>MIH, iaiES i CSI3 l i:?S!£S4 o i:©K©^ftJl^tt 2 

[0 0 5 5] 

*HJ6#!I*e tt, £ t=. tufSTfi!! * 9 V KJS 3 4 cpCD A 1 m&tf 0 . 1 0 T% A y 
77|3 2tfi(Z)Al«0. 1 5cMJt>/J^<ig5££*lT;J3tU $ lCfffSS±«!l 
95f KI5 3 rp(DA 1 0 . 0 8 T% l&ffiTW^ 9 V KM 3 4 (fiCD A 1 ffi 

/&<fc U ^/Jn£ <^£*lT^£„ H8©l/-1f^>f*- K2 0 OT'tt 

, BfflEa«3 1 £?S<f£Ji4 0 t.<Dm<DX.if#3ri / vfrM<D&mmmZZ.(D&?iZ. 

*f* s r =fo * ^ y ? £ -r s £ -e *i tt & v n „ 

[0 0 5 6] 

0 9 m8<Dls-4?#J*- K2 0 0©-^MiCj;S I/- If #>f K2 
[0 0 5 7] 

*H1MT'H tuSBAy 77l3 2fc^7yKl3 4 H%mW.M 3 5 ©J^3 £ 
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^-tl-ftlO. 35/im, 1. 1 5 ft mfeJctfO. 1 n m £ U ^©J^Jfl, BtffH* 
^3 1 £?&i£M4 0 £(Dm<D^¥#*i/V)imO&timmiZl . 6^mi:^ot 

IfflB^y^TjfS 2 tTf KM 3 4 £&|ig-©A 1«0. 
lO&tlT^S^ taIB_t#I?^y KM 5 3^0) A lijfiJ&O. 0 8&T{&!l*^ 

V KM 3 4 cfKDA lMci: »J =fo/h$ <. Zl S i CSf 3 1 ±»C7gJsfc3*l<& 
x tT # 3p 2/ ^ *F IC 33 W -5 9 *5 V V (D$&£. It^J^m IC fll$!f $ *l S . 

[*3^i«] 

SfcicgiigLfcy ^^M©i/-if^-r>r- K1 0 0, 2 0 0&£VUi2 1 ot-ti 
, mmm&M4 0 ifCfeWS*^*^- K©fl»»tt, IffSLfcfltl*^ y KM 5 3 IC 

©«fc^^#^c^|lIv^^■t^#3t<^>^ttM^f»ofe. cKDJ^fcaBfew: 

, t-V-om* 2 /tmJ£tTK:l83feUfc»^ liufE* -fr_fcK: V^T S i 0 2 J£ 6 1 cfi 

JILL'S S i0 2 !6 1 £A#-^>**U USSr^fS^tt^StcH 
[0 0 5 8] 

V 9 v KM 5 3 (Dm £ ^7«yK!5 3 
;t*;7?l3 2©«^fti:l|JSiSfe«>, KM 5 3 fcifhfcSlt* 
^5*;^^4LTb4^. z:<Z>fc#>, ft*0U »;S?SU-f ^ t- K 1 0 0 

, 2 o o&*v^±2 1 OTfttt^^aciiA^sf, «fc »;« 

(ffp) tr-^Kufe&j&v^fiiif, u— -tf^ 

[0 0 5 9] 

£*UC*tU H10 (A) fcitfHl'l (B) it. ±»©»jHS:»ftl/fe*» 
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^01 3liW:j:§ l/-*f#<4*- F3 0 0(DW^.^M^-t. fc£U $felC 
@10 (A) £#flgf£lC, nMS i CS«3 l±CttnIi«l3 2-3 

5 *<gtinM3L¥*3ri/vj\/mmm.3 o nm&m<i o tpsmis i~54 

fc-g-i? p§?xfc?#3fS/^;i/Jg«ig5 o 06 (a) <z> u-if #V >r- K i 0 

0 fcRPBIlC3lM3*U t±f0plGaN^rty^l5 4 ±&CteJ|§fflftlC& S i 
0 2 £ tJfe&Hi&MS 0 1 *\ I^CVD^ICJ: I&3 0 0 nmOf 

[0 0 6 0] 

i&SBS iO 2 !301 tt&V^-CHF&xy^-v:/ h £ lt^ofc7* h'JV^ 
=7-7 4 -tCj: U a *U BtffHG aNdpt>y^!5 4 
l*m©^h7>f^ffiP»3 0 1W^, U - if ^ - K ftU -?%it> 

#c&c, sii (B) ©zdhjcjsv^t, tftmx b^4zfmnffl3 o i wic£v\t 

IffibfeGaN^t»;^J|5 4±K:, tafB S iO 2 l301 £ ? ICMJ&#A 

1 0>og G a O91 N0pSA 1 G a N fe, MOVPE^CJ:^ tfrffi * 9 <y K® 5 

s &^fiK-r«©i:ra«35fc*#TT?jftS!»jctt*&i. 4 ^ m&mt* izmmis. ^3 

KM 3 0 2 fcfuiE* h^>f ^BBP«IJ3 0 1 WJC*ffS L/T^-T*. ^<Z> 
«fc^JCLT^S4ifef 5yFI3 0 2ttHl 1 (B) tfHW^f KfcffcRU itfaB 

iii3 o i &gp#ifticMv^ ^u-f^t- F©*^*^»ciE^E'r*y * 

[0 0 6 1] 

£*>IC, 011 (B) <Z>XST?tt, Sfi^5 9 Ff 3 0 2JtJCpSGaN«fc»J 
&5n>^^M3 0 3 SrTOtCMOVPEifiCJ:*;, fuffB?^y KM 3 0 2 © 

lCtfffan>^^ hS3 0 3_tlC««6 2 f&fBn>** M3 0 3<Z>_t®fc«J: 
tmffl£ffi&3&BLT«3 J^K^***. ffflH U-*f #4 it- K 1 0 

o©»^i:Hi«jct9ffis i c»«3 1 (Dm^zmmh. mm6 s zmfc-tZo 

[0 0 6 2] 
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*HJSMIC<J:5 U-*f yf- K3 0 0"ett, 010 (A) OXglc^^Ttli 

sbhc, a i %r-&ts9 ^ v km 5 3 (DWiit&ffiit^&ft&izwtvf *>t\>z>a mmm 

mms oiiisi o 2 mizmfeznzboT'it&K. s i N&smiA i 2 o 3 

[0 0 6 3] 

££>IC, *HJgMtCJ:S^5ttt, S i CSS3 1 ^ot b-f ^t- K© 

n\%+yy?4TV><\ 1-2 0>^|nj, m^GaN0<l - 1 0 0>^|oIlC 
[0 0 64] 

#2SJ609©U-if#'>f tf- K3 0 0&C«fcfttf, M6 2#3>#? hJS3 0 3 

ti6 2(Z)3>^^h}g|ii^t§. %t=.. Sttl4OA0^^iJ7 
) ©&A#iufB.f&li]gl 3 0 1 rp(DM-gz^fflaffi3 0 1 WiCPM ^ ^ 

v KM 3 0 2 tft^ijg&lfcl^ftlBSLSKTfc, fufBYSttJS 4 0 ^©««&2*#tf 
SMIWJCg£5lS*u a^Wft*™^- K©1W«r#J|35S*i*. 

[0 0 6 5] 

$<btc v tuiB^^y km 3 o 2«, m<D#i?;izw\,\mmti^3 o lwtcfcw 

[0 0 6 6] 
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eii i (b) ©xsjcev^t, mzmmms o 1 z*?*? tn^tcm 

KM 3 0 2&Sm£n>#? M3 0 3 ©»0&;RB#lC, |fffH$e^3 

o i Jitcig^^^fai^^^DS^^fe^o 

[0 0 6 7] 

frt', 3©i:^^©-^lC«, mi 1 (B) «)X^{C33^T, taf2? v >;/ KM 
302£i:tfn>#?hJi303 CD^CD^ frffH S i 02 §3 0 1 5:HF^|: 
<fc 'J^Ltt) J:V> 0 ttfgHS i 02 13 0 1 0D|&i£lC#V\ ^<D_hlC*ia IT ^ 

3©J:e>JCbT^L/fc, *H5gM©-^MiCJ:-5 V-*f#j*- F3 1 0 
5:01 2 {C^-To 
[0 0 6 8] 

®l2$r#M-tSic. ifffE^y FI3 0 2tt. Bill (B) 
igP©ffi«WLtlT^SC!)mt?:>lt5*\ 01 1 (B) ©Si02 

13 o i texr^y ^3 o i Gizn%mz-*>ft. me (a) (Dm^nm^s 

i0 2 !6 1 #H&iBG a N|g|5 4 GDSm^ffifc^ l>*3 > # ? M3 0 3 £^? D 
^^IctfffBS i0 2 !6 1 Jetton ^ *u tfffH«^6 2^BfrfB^P§PS: 

[0 0 6 9] 

ttfiBs io 2 n6i iz-micmcvDm<D£?te^mmmmcj: y^f&^tis 

r©j:9^t:iiS i0 2 |6 1 gPtfffjfaxT^y "73 OlGtflC 
SAt5^%feS. ffcfct^ gtflHb'-if^-r^-- K3 1 0{Cfev>T. f&SBx 
7^^y3 0 1G(iSiO 2 lC«fc U^JC. feSV^iglS^lftfC^^ftT^T 

[0 0 7 0] 

tffSBl^-if^^^- K3 0 0feSV\tt3 1 OlCfcv^T, ffflH=i>^^ M30 
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El 3 (A) li, 5fc©ggJ60SK:j:& I/— if K3 0 0&&VN&3 10© 

g^Xiglcfcv^ faiS^y FJf3 0 2&&m;j:zi>#* M3 0 3 SrSiKJ* 

ssitsBRtc^;** t Lxmt>nz>mmm:3 o 1 cd^®0-£&s o 

[0 0 7 1] 

013 (A) £#jl1-6lC, tfrSBitftMS 0 1 iCfcwaiffitf 1 <tm0» 
{MPgPtf 3 0 0 tim<DWl i )Ml,mMT*B&ZnTjS i ). Z.(DfrtbZL<D£?temB 
1301 ^YX^fCMOVPE^^^ofci^ &%&ZftfemW(D*l%!>ftl$m 

r*UC*fU &mMMlZl3\,^Tm^-?Z>mi 3 (B) 07X^3OlAT'it 
^nKZ)—*f©tt:^^llX h7>f"/301 afci:t>*3 01b&, 

r^tcipg^i /imcAM^cM&^-siras o i ni:mxxmmht^mM<D^^^ 
/i*->soic#, 3 o o fiiiKDWiV&vmwxmmznT&v. ^©*§m, 

-07X^/^->3 0 1c £m&-tZ>~?*prt#-l/3 0 1c iKDKlCli, T 
%<£>G a Ni54 £Sffl-r£i|lg<Z>j£VN|i§n£|5 3 0 1 w #JgJ& S tl * . 
[0 0 7 2] 

3 0 1 A£^|ft/&;RX^C^T^o£*©li!\ M^tlS 

^tSfefi), 7^^/^->3 0 1 a$>Z>\<^Z3 0 1 b JtlCJga-t 2>mW<Z>m& 

01 4 ft*, »*^X@lC 33^X01 3 (B) <D-?X>7 3 0 1 A££go£, * 
38f8<D!M!!J6M&cj:£ l'-" !f #V *- K4 0 0<Dflif££>^-t- . t=.tz.L>. 014 

S. 
[0 0 7 3] 

01 4 BafBpMGaN^r^y^'M5 4J:{Cli01 3 (B) ©V 

X? 3 0 1 A#, S i 0 2 A°#->£ bT^3*XT£y, ffffavX^ 3 0 1 A 

^otMovpEii^ifnri:}:.}: »j, mmwmwmumz o 1 nic*f 

ft&mMMtmm^vMA l G a N*^y KM 3 0 2£<J:t>*pg!G a N 
ny$? M3 0 3««JK^«S4i«. HB&JC, afffB^X* 3 0 1 A$:Mt5 



3 2 
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7X^/^->3 0l co^MUtc. mUV'yv KM 3 0 2 iimmmzm-(DMl& 
fflpMA 1 G aNxif#3r$/-*;i/Ji3 0 2 Ail, iuSBH^* £ M3 0 3 ilHIC 
#HC|ig-tf)*flf&tf>p§2G a NznfcT ^^ri/t;H3 0 3 Ah#, Jl!7£j£f&£ *l£ 0 
■tOBSI, i5iB?^y F«3 0 2feJ;?>*3 0 3 «k »J fc**3t fcfiffBxfcr 
13 0 2 AfcJ:t>*3 0 2 BJ: *J JfeSflBifcOIBfJCtt, iafBS i 0 2 VX? 3 0 1 

[0 0 7 4] 

i&aaxtr^dps/-v^/M3 o 3 a«s e>icj8U© sio 2 i3 04 »c j: ya*>ti. 

B&IHS iO 2 !3 0 4 ^iCffffaU-fexSIJiC^LTlfrMBzi^^^ M3 0 3 ?:l 
ffi-TSBlPfiUSr^fifcLfetfe, taSaS i 0 2 13 0 4±lCiufaU -fex3l5£*I#><5cfc 
^tCt&ffim*6 2*«^3*lS„ t&ffiS i Og &3 0 4tt, «*.fc£3&CVDj£K: 
«k*J»2 0 0 nm©J?2K:?gj*2*u S&CHF&ftofe^iv hxyf >^tc 

[0 0 7 5] 

ftlCfeMl/fcJ^lC l/-if #*-f K3 0 0, 3 1 0, SS^tt4 OOC 

^CD^fmft^^Stl^-rvxIRUB****.- d*Ui, #tCAl GaN «fc»Jfc<&*^ 
y KM 3 0 2 €r^-rs»-&K:»ielJC3&S. itlttA 1 G a N(fiJC^*tl* A 1 
N^^#CS i 0 2 m±lZtfMls J Pi'<. Ufc A lN^iillTA 

1 G a N^<D^a#£e *l£o 
[0 0 7 6] 

ZL*WC*fU #5§f$3<Z>5§t$!#te. S i Og YXi'&SotA 1 Ga N0MOV 
^tf#X grille J: y, 3^3^*«[-f«#faj'»CD^^«IiBI34x*ii:«: 
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015 (A) ~ (F) #»iB#lc«fcSHIft&3Wi'f *. 

[0 0 7 7] 

015 (A) Sr#Ba-r&^ 6 H - S i Clt5 0 1 5:t»fc<fc«l 
fc^, HFtf»JCfeV%Tl4)-iaS*"t«. Zl©J;^iC^Lab^S«5 0 1 tMOV 
PEmWKDfcl&^tplZ. SiCffi (0001) si iS±K:*li«#££*«fc3K:SH? 
L/, *3g#H5Ctf», 1 0 8 0" CJCfeV^TS^IBI^SU 

IfflSftI^*t5. r^CtC IMI& 1 0 5 0 0 C*T?ftTS"&, TMG, 
TMAfcitfN'Hg £H 2 dp'-v U T^Xil^lC, -e*l-?*l4 4 a m o 1/m i n 
, 8jitmol/niinfeJ;0!0. 1 W mo 1/mi nfflMt'MU StC^ 
SifcJCj: AlGaN!5 0 2 ^1/t m<DJS£ tCmfcT # 3f Sz-WWM 

[0 0 7 8] 

?£iC, 015 (B) ©XSJCJSV^TMG, TM A©#|&£:f?lb U NHg© 

H^$:N 2 #H^tCg^-TS 0 Se>Kl^jB*T?^aiUfcft, f«fS*«5 0 l £M 
i£^e>!RyfflU, CVDSCJ;*J, fffSBA 1 G aNJRJtJCS i 0 2 5 0 3H$: 
, 0. 2/tm0f ${:Mt§ 0 
[0 0 7 9] 

015 (C) ©X@K:;J3^T* fulBS i 0 2 j0g5 0 3 ±IZ VVT. MBI 
&&*f U 3 ^tC3tl?:A^-->^LT*I^2 /tm©l/^ hA°#-> 5 0 4 

#CfC, 015 (D) OXglC^T, BtffHL^^^ h 5 0 4 Sr^^^lC 

, itfSBS i 0 2 15 0 3 ^HF^ofeOx-y Mvf >yiiC«k y;^-- 

f&IBA 1 G aN!5 0 2 =y T > 

itS„ ££IC, 015 (E) ©XigKlfc^Ti&SBl'^;* h^°#-> 5 0 4 
I*SttotBi*bfeft, 015 (F) ©XgK:;i3V*T3S«5 0 1 fcfc&ffiMOV 

NH 3 &SS£L&#*> 1 0 5 0° Ct;T*#^U iulEA 1 G a N£|5 0 2 <Z)®ffiS$ 
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7^e>S3»ftBI£l&*b£^ TMG, TM A, C H3 C 1 <fc tfN H3 H 
2 U 7#;*£&lC, -e 4x^*14 4/ttmol/min, 8/*mol/min, 

52/tmo 1/mi nfei^O. 1/tmol /m i n <Z)$fsifcT*£M& U iufB*^ 
^ttgtCOfc^tfttSCI^lCj: »J % f&gHA 1 G aN!5 0 2<Z)^ffigptC, jBftftJCA 

1 G a Njg|5 0 4 &Xtf# =*£/^;i/f&;g 

[0 0 8 0] 

015 (F) 0>X5gT*&. cS fCfrflBA lGaN!5 04 COjU^fiSciltf)^ gff 
SIRJ&^fcNHg &#*&L 6 0 0° CJ£*TIC#£PU ££IC 

S = 

*^JgMlC<kSM^*^T^i, HI 5 (F) ©XgJCfc^TCHg CU 

ftffiMttfc 3 fcfC J: »J, CHg C 1 J: y JgJ*3*lfcC 1 

*©AO^>tA 1 ^tffBSf^JSfc U Si0 2 5 0 3±{C£tt£ A 1 N 

2> a ^(Dffi, #{CCH 3 Cltt, va67cm©M»35f^^**NH 3 ©#A5K- h 

#ttf>£j&£A 1 £:/\n>f>£:£jK/S£-i±£r£ic:<f: yaffiguT^stf, ^com, 
ad^ >iiC 1 jcK£3;ns%©T?tt&<, ffi©7c3R, F^fcftfflBftBT? 
^5. /\n4f>&#|&-r*©fcfttojri*3tf:*H\ CH 3 c 1 KiBRjtSti* 

[0 0 8 1] 

©*ftfe-r, Aimi 1 imKm&mitmz. jsinv^^ffioisw 
ic 3: if * ^ s/ * tsii^ 3- 1? ^##^iB©»[3gxe- « fc*iM arts t? % 

So 

fttcsttSBbfeiH&b-if #>f K 1 0 0, 200, 3 00, 310, 400 



mSE#¥ 11-3024925 



10—353241 

SftTfcy, fO»piGaNifJ45^ii!ll5 2iSi:tf pMA 1 GaN 

«fcy&5*^y KM 5 3 A*^$tiTv>s 0 xi/^ Vuy-fuv VMS l tt— )R 
tc A 1 KM 5 3 <fc »; =fo*£<j£vv?> R^-w^S^U MI4 

[0 0 8 2] 

H16tt, 0 - 5 6 2 3 6-&4*«Kl8B«2ftfe, V 7 T 4 T &EL±.K 

01 6 $:#m-r-2>JC, JL8BfE#©l'— if*V RTftt, AlGaNiUftS 
USBil/^ Nn>^n*;^I, (£>_Ltf) G a N «fc y & y S CH*3t0>— asfcjgjsft 

X 1 0 19 cm~ 3 lC|g^$tlTfey, — -%m±ffl<DG a N3>^ h«JC;l3V*T© 
MgWil X 1 O 20 c m" 3 Jca2S SIXTHS. 5fc©HaS#!fTfSiW 

Ufeu-if #4*- Rio 0 1C£^T%, H#fcMg«£:7n7 7>f;i/#fe*>*i 

[0 0 8 3] 

L/3^L, 3©J:^3&Mg«K^'n7T.>f ^&«ofeS-fb<feU-1f^>r^- RT? 

'Jt»±0piGaNMil5 2 J3J;^-?-(DJ:©pMA lGaN^5*; RW 5 3 
*©Mg««S:«^S-&fc#^, #>f R&*fifc"rsxfcr*3fS/^;i/Jf 

[0 0 8 4] 

017 £#flrr<5lC ffigBft*&Ji5 2fem?f RS5 3t}i0M g II5: 
, »;-Jtt«TK:«fctlTV^S 5 X 1 0 19 cm' 3 ^6»'i>St«i:, tufH^^ 



3 6 
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v km 5 3 <Dmmiz&^Tmmt$n& ? ^ v # (D&mtf&mzw.'pL. Mgis 

#&J4 X 1 0 19 c m~ 3 J£*T, mzms X 1 0 19 c m~ 3 MTlZte2> SSBttKH? 
[0 0 8 5] 

1 8tC^-TJ:^JCiaa33^**®5 2 KM 5 3 cft©M g»S©*^tC 

#V>^ifctC^4>U 3~4 X i 0 19 cm~ 3 ©£;i3T?«/.Mii»CJ&s5. fe£*L 0 
18tf, $til&&MgiiS£, »«|ttl/-if4f>r^— Kl 0 OJCfeV^T 1 0 0mA 

KM 5 3 tfj<D3f^ u TM^tsr fclcjeB-rsfcCDfcJBfrtiS. 
[0 0 8 6] 

01 9l£, 0 6 (A) , (B) <DU—t?#^Ji-- Kl 0 OlCfcV^ 017, 

01 9fc#J£"f ifffB?SffiJS4 0_ttf>, i^Al 018 Ga 0 82 N©pS 

AlGaN<fc*J&5Xl/? hn>^n>yi'l5 1 l£$J2 0 nm©^$5:tb, #?J 
lxlO 2() cm" 3 0MglI^:K-^$^lt^^s o — ffjfaxi/? ha >:/n 

>y^!5 l_h{Ctt, MgWHl4 X 1 O 19 cm" 3 0GaN)tit|5 2 1 
0 0 nm(Dj?${C^$4x, £ £ ICfufBft^MM 5 2 _hlC&, WA 1 0 09 G 
a Q ^N^Mga^tfltJlC <&I4 X 1 0 19 cm" 3 ©A 1 G a N * =y v KM 5 3 ifi 
, ^5 5 0 nm©f$tC^$tlS B ££tC frfiH? ^ <y KM 5 3 _hlC«M gi 
K#*&1. 5 X 1 O 20 cm~ 3 (Z>G aNJ; VteZ>ny#? M5 4*^ ^J8 0nm 

[0 0 8 7] 

*HJII#!tcJ:titf, ifiiB^*&M5 2J:?77 KM 5 3 g«g&tt8B$r 
4xi o 19 c m" 3 ^i/^;i/j^T{cffliSiIf srticj; x tr# 3f S/^;i/M4*tf>? 

IBxl/? hn>^D«y^i51 *©MgaMfeJ:^BufH=i>^^ M5 4if0M 
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[0 0 8 8] 

02 0 11 @1 90Mgi^D77>f;HCfcV\t, ItffH^^S 5 2 t ^ ^ 
y KS5 3 ^©Mgil?:, gfl 8, 19lCtoti3Xl0 19 cm" 3 it'^ 

F10 0 &m&?&^**S/vfrM#K&V&9?y9&&ifi&£./ugl£Tik. 

&y, m*mmtfm'Mtt<tiz>o 

[0 0 8 9] 
[0 0 9 0] 

»#«i~5ia«©*^©4#aK:«i:*itf, 

yft5/t*;7 7li:, ftfSSA y "7 r Jf_hic:n t? # * %/ ^ /wcjgjfcs jifcf&aBm l 

ommMzm-tzmi kji£, iffts^i KSJtMtr^s/'V 

y FMKm 1 <Dm&<Dmi <D*v U T 5:ftAtS J: e> tc^fiRSnfc® l 
IS3xi o 18 ~i x i o 20 c m^ommizmfe-? 5i y, ££3«bicia 

IBS i C***©** y Till: 3 X10 18 ~1 X 1 0 20 c m" 3 <Z>^HlCtg5gf 
SifcCJcy, ^S&fcf&flBA 1 GaN/^7T**©A ljffi/fc&O. 09* 
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miC&fe~?Z>Z.£lZ <fc »J, £££ e>(CfuiEA 1 Ga A s;^77l&S i CSS 
0) (0 0 0 1) si ®JLlC7gf&-f £3hlCJ; y, *fef&SSA 1 GaN^»;77iS: 
S i CiSllCMOVP EmiZ£ 9 OTo r r &>T<DEEtlTT*J&tfi't -5 3 £ 
ic J: y , ifii:;t*;7 7li: & «/Mt: 1" S £ # «TtB tc & 5 . 

[0 0 9 1 ] 

Si.CgjRJtJCI I I IjciOiftil i >J ^5 y 7 rl 1 © ^ 7 7 FS 

lcfafH?Stt»JttC I I I|foBlt©gft&£yfcS&2©*5y K«&Jgd&Lfc3fe 
^^MlCfeVNT, fuiES i CS«i:t&ia?Sffi)i4:©ra(Z)iaHSS:»&l. 6 Mm 
JSUlfcU ^fctfffi^y^TMOjffl^^^-^xSrO. 08J^_fcO. 5*e» ( 
0. 0 8 ^x< 0. 5) fcU Uffi^lCD^^y K»©jffi^9^-*yS:0. 
0 5J^JiT*tufa*lJ&/N°5*-# xJ^T (0. 0 5^y^x) tU iufB^2(D* 
■5 9 FICDIMa^^-^ z &|&ffij|!HJ&*5*-* y i *J (z<y) ULtc 
Z &yt¥mi*mUKl:V. S i CS*±K:^S*lS I I IJJStgIR 

[0 0 9 2] 

icxtf^dps/^;i/ic^$tifc^2©#«M$:^-rs^3 ©^5y FJfi:, ttrsa 
^3©?7>y KM±fC0J&2*i£fg2©#«MS:^-r£3>#* ffrSBn 
NMJ:lc^f£3*ifcffll©**i^ faia^±lc^$tife^2(Z)m^t 

5^ KItf 3©^7>y K»i:©iaic, f&ffly 9^fC*f/£U f&ffly 9^tf>*I<fc 

y &M^m<DMnBzm?zmMmzfemLtc.z£z&m£?zft*mftmmiz 



ffiSE#^f 1 1 -3 0 24 9 2 5 
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[0 0 9 3] 

mmmzoz^v KS©iffte&/?3 1 1 iai7B3S©sft»s:«ofc 

^Z(D^^v KM£ ITU iai7ciR<Z)S-fb«lS:«^ii:tcJ: *K * v >y KM 
^©J¥$$:, Slt^T'tS. £tiJC.fc*K 

[0 0 9 4] 

1 FJSi:, ifrffiSBl <J>^=yv FJi-tJextT # 3f S> 

^;wc7£/& 3 *i fuiara««JtCxif#*;^;wc^&£;ftfc, 212 
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9y K»S:«ft»ttS: , 7^^K:38^*K:J:»;^'r*ieK:, HHSK^^affiat 

[0 0 9 5] 

7fH«©*^^C0#^i[lCJ:tl«. A It I I I l&7t;it(Z>^ft% 
&^a&JBSCffiJ««8cfcJ:y, *ftiBJR^*->J:K:ii«L/, lfii»K^*->*tc 

mmomm. & m^Mt & d t # ^ s „ 

[0 0 9 6] 

fMfcgl 8-2 Offi«©#»rc©#«K:J:*Wi, 
I l»?7c3R©Sfl:««I:»;3&«^i©^^y.KJii:, l tf>? =? v Ftf-hM 

mss&^-si 1 1 i7ti©gf j: u ^ 2 i: , mmitoWtsm 

'Jft*i2©^5? KSfc, tlffflffS2©*^y KM±lCX^#3f S/^;MC7£f£$ 
p ^tt S I I I IjciOiftfe J; U =i >f ^ hi fu 



4 1 
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□ ^/^Mi:itffam2<Z)#^«i:BfifHm2©^^^ KM £ buIH t? bM<D&* 

#2©a*i!fc«*;feJ:tH&2<Z>*9y KJfPJCfctf SMg*&«:, 4 X 1 0 19 cm 
" 3 j^T(c^5£-r£r^cj: »J, fesv^iiffgaxi^ hn^ny .fctftfr 
fH3>^^ hM*PlZl8V&MgWkm&* 4X1 0 19 cm" 3 $:®x.Si;^JC^-r 

[0 0 9 7] 

fcT**S/*/WCj£/£3*lfe, M^*>A l x G a j_ x NtS$tlS ngA IGaN 
/ty 7 7»fc iyfcS^fttfxAlCfc^T. B&IBA1 GaNl©*^'J7«S 
^3X1O 18 ~1X1O 20 c m" 3 ©iHlCigg U t&ffiJHj*/19 * -^xSOi 

y^-eo. 4j:y/h (o<x<o. 4) tcflgjg-rsrfcjc^y, £££<btci&f3 

S i Ctt^cf <Z>3f ^ V T2§S£3 X 1 0 18 ~ 1 X 1 0 20 c nT 3 tf>^HtCig5£-r £ 
3£&C<fcy, £££ ^JCffjSaA 1 GaNA^77l*0A liSfiJE&£0. 0 9*1 
i:tttS'i:(cJ:U, *fcse>tc«iriBA 1 Ga A s/*y 7rJiS:S iClt® 
(oooi) si ir_htc^i-<&ifcK:j:y, 3ISfc/W:7 7»fc©raa>IHB«tft 
£ S/Mb -T S z: i: # nftg ic & £ „ 

[01] 
[02] 

(A) , (B) t±. *»W©«ilSitM©imii:-«:«*«n?«*)nfe8<^ 
[03] 
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[04] 

aM8i»* i mMM<Dmm£tezmi§k<DM<D^*7jk-tmT*&z> 0 

[05] 

[06] 

(A) , (B) tt, *»WCD« 1 J:« I/- -9*^*- KCDfltoft&a*-*- 

0-£&£ o 

[07] 

[08] 

[09] 

[01 0] 

(A) *»W©«3||J6ffiItcJ:S U— if4f>f*- K©K3tXSS:^"rBI ( 
[011] 

(B) te, *»W©»3||Jiffi|K:j:S U-lf^ya— K©»3SXe€:^"rBI ( 
^£0)2) T?&£ 0 

[01 2] 

[013] 

(A) , (B) te, 3 HI^OlMIIlT^fctlSV^ i', 

[014] 

*»«CD*4Hli#!lJCJ:S I'-if ^ KcD«^S:^-t0T*&-2>o 
[01 5] 

(A) ~ (F) li, *»«©«5^JII«tCJ:«38iR^*XSS:^-rH-e«»«. 
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[016] 

[01 7] 
[01 8] 

#2gf8sg 6 n mmcomm z. & * fc^-r bo© ht? & s . 

[019] 
[020] 

01 9©— 3g^#|JCJ:S>P*Bft4>^r&^"rHT*S. 
[##©M!] 

1 nSS i Clt 

2 n!AlGaNlt:*^J/"VM 

3 niGaNitf^f^i/^M 
5, 6 n§?^^ 

1 1 vyr^rmffi. 

12 A»;7 rl 

13 G a N SffiJV 

14 nlAlGaNTWi'5*;KI 
1 5 ngG a NJfcSjMftJf 

1 6 MQW?SffiI 

17 pSGaNMIgl 

18 pSA 1 G aNJtfl!l#9y KM 

1 9 pgG aN3>^ hjf 

2 0 SiQ 2 H 
2 1 pill 

2 2 n^ti 
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3 0 nillf^J/^;i/iI 

3 1 nSS i CIS 

3 2 nSAlGaN/N'^771 

3 3 n|JGaN/t'y7 7i 

3 4 nlA lGaN^'V KM 

3 5 nSMIi 

4 0 iSttM 

so vm^zz-isvjinm 

51 nSAlGaNll/^hn^T'nyi'I 

5 2 pM3t#)tI 

5 3 p MA lGaN^77 KM 
54 pMGaN3>^^KM 

6 1 S i0 2 I 

6 2 p mw& 

6 3 nSfi 

301, 301 A, 301c SiOgV*? 

30ic, 30iw vx^ggngp 

301a, 301b 
3 0 1 w JES^iHtngB 
3 02 pM^^y Fl 
3 0 3 pfn^^^M 

100, 2 0 0, 300, 310, 400 W-fe p-if >f - K 



HiiiE#¥ 1 1-3024925 



10-353241 



mm 

[HI] 



CO CM 
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[02] 



(A),(B) ^wnmi mmmn&m t %zm&T<£t>ntcmm. 



(A) 




1 0 16 1Q 17 1 0 18 1 0 19 1 0 20 1 0 21 

n-AIGaNM0)4r -f 'J T^Wi (cm" 3 ) 
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[03] 
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